Uso do tabaco e rede de amigos entre adolescentes brasileiros: um estudo transversal 
Introduction
Cigarette smoking continues to be one of the major preventable causes of premature death in the world 1 and often starts in adolescence before 18 years of age 2 . Ninety percent of Brazilian smokers start smoking before 19 years of age and adolescents between 17 and 19 years are identified as the group with the highest proportion of daily smokers (31.9%) 3 . Moreover, the prevalence of smoking is increasing substantially between the ages of 12 to 16 years 4 . Hence, adolescents remain an important focus of studies on smoking.
Health behaviors have been studied with respect to socio-demographic factors (age and gender) and socioeconomic status, but few investigations have focused on the characteristics of social networks 5 . A large number of studies have analyzed the influence of friendship networks on behavioral problems among adolescents and have demonstrated a significant positive correlation between exposure to the behavior of close friends and the use or probability of the use of psychoactive substances, indicating that friendships have a direct influence on individual behavior [5] [6] [7] [8] . Most studies have addressed friendship networks in the school environment and the findings contribute to the understanding of the structure and size of friendship networks and associations with the use of tobacco. However, many surveys carried out at schools neither include nor compare different contexts in the same sample, such as participation in religious groups, sports and community activities 9 . Tobacco use in adolescence is reported to vary depending on socioeconomic status 10, 11 , but such findings have not been consistent across studies. Some studies report an association between high socioeconomic status and tobacco use 12, 13 , whereas others found that adolescents with a low socioeconomic status smoke more 5, 11, 14 . Despite being predominantly and historically linked to males, the prevalence of tobacco use among females has been on the rise 15, 16 . Some Brazilian investigations have found no statistically significant association between gender and tobacco use 17, 18 . However, gender may be associated with social networks and the use of substances. Studies have found an increase in substance use by girls in the presence of problems regarding social relationships 19, 20 . It has been suggested that the female gender is more affected by interpersonal difficulties and girls may experience emotional imbalance when close friendships are threatened 9 . A better understanding of the smoking behavior among Brazilian adolescents is needed. Such information can contribute toward the establishment of more effective prevention programs and public policies directed at reducing access to tobacco, as the growth in the Brazilian economy could possibly lead to an increase in the use of this substance by adolescents.
The aim of the present study was to investigate both individual aspects (gender and socioeconomic status) and social relationships among the different types of friendship networks (friends from school, sports, theater, dance and music activities) in different social contexts to characterize inequalities regarding tobacco consumption among adolescents in Brazil.
Methods

Ethical considerations
This study received approval from the Human Research Ethics Committee of the Universidade Federal de Minas Gerais (Brazil). Authorization was obtained from the schools to undertake the study and all participants and their parents/ guardians signed a statement of informed consent.
Study design and participants
A cross-sectional study was carried out addressing social/friendship networks and tobacco use among 936 adolescents aged 15 to 19 years attending public (n = 717; 81.0%) and private (n = 174; 19.0%) schools in the city of Belo Horizonte between August 2009 and February 2010. Belo Horizonte is the state capital of Minas Gerais, Brazil, with an approximate population of 2.4 million inhabitants, and is geographically divided into nine administrative districts 21 . A random sample of 936 adolescents was selected using two-stage stratified cluster sampling. To ensure the representativeness of the sample, the percentage distribution of students from 15 to 19 years was proportional to the actual distribution of students in the nine administrative districts of the city (1 public and 1 private school was selected from each district). The sample size was calculated to yield a standard error of 4.0%. An assumed prevalence rate of 50.0% was used to calculate the required sample size. The minimum sample size needed to satisfy the requirements was estimated to be 600 individuals, to which 20.0% was added to compensate for possible losses during the data collection (n = 720) and a 1.3 design effect was applied to increase the precision, as multistage sampling was adopted rather than random sampling 22 . Thus, the final sample consisted of 936 adolescents. The proportion of refusals and losses resulting from incomplete questionnaires was 4.8% (45 adolescents) and the final sample comprised 891 adolescents.
Administration of questionnaires
A pilot study was first conducted with 101 adolescents. The self-report questionnaire Alcohol, Smoking and Substance Involvement Screening Test and the question "What is your most important group of close friends?" were tested and the need for possible changes was suggested by the adolescents. Previous studies have used similar questions to investigate social capital/friendship networks 23, 24 . Both questionnaires were distributed in the classroom by a researcher and an assistant and collected immediately after being filled out. The students were told that the questionnaire would be anonymous and the responses would be treated confidentially. Students could refuse to participate and return incomplete questionnaires in the envelopes.
Assessment of tobacco use
The Alcohol, Smoking and Substance Involvement Screening Test (ASSIST) is a brief screening tool addressing the use of psychoactive substances. ASSIST has been validated for use in Brazil by Henrique et al. 25 and has eight questions on nine different kinds of drugs (tobacco, alcohol, marijuana, cocaine, stimulants, sedatives, inhalants, hallucinogens and opiates). The risk of tobacco consumption was categorized based on the recommendations of the Brazilian version of ASSIST
25
, in which a risk score ranging from 0 to 4 is provided for each substance. The total score (sum of the scores for each class of drug) ranges from 0 to 20. Scores are grouped into the following categories: 0 to 3 points, indicating low risk (individuals at low risk of health and other problems from their current pattern of substance use); 4 to 15 points, indicating moderate risk or abuse (individuals at moderate risk of health and other problems from their current pattern of substance use); and ≥ 16 points, indicating high risk or dependence (individuals at high risk of experiencing severe health, social, financial, legal and/or relationship problems as a result of their current pattern of substance use and likely dependence).
Only items related to tobacco use were analyzed in the present study. The dependent variable was the item on tobacco use in the previous three months. For the calculation of the score for specific involvement with tobacco, Question 5 (During the past three months, how often have you failed to do what was normally expected of you because of your use of tobacco?), Question 1 (In your life, which of the following substances have you ever used?) and Question 8 (Have you ever used any drug by injection?) were not included in the final score, as advocated by the original and validated Brazilian questionnaire.
Assessment of social and friendship networks
To assess social behavior related to membership in adolescent peer networks, the following question was posed: "What is your most important group of close friends?" Answers were categorized based on the most frequent responses: friends from school, family, church and others (friends from sports, theater, dance and music activities).
Covariates
The Social Vulnerability Index (SVI) measures social exclusion in the city of Belo Horizonte and was used to assess socioeconomic status based on place of residence. The city hall database of SVI scores for each district was used in the present study based on the address of each family (derived from the survey) 26 . This index has 20 variables grouped into five "dimensions of citizenship": access to housing and basic infrastructure; access to education; access to income and employment; access to legal assistance; and access to health, food security and welfare
27
. Residential areas are categorized into five classes (I to V); class I families have the highest degree of social vulnerability and class V families have the lowest degree of social vulnerability 27 . The final score ranges from zero to one. Each student's address was collected individually and categorized into one of the five SVI classes. For the bivariate analysis, the SVI was dichotomized as greater vulnerability (social classes I and II, scores ≥ 0.5) and lesser vulnerability (social classes III, IV and V, scores < 0.5). For the multinomial logistic regression analysis, the five classes were maintained independent to determine the curvilinear (U-shaped) relationship between socioeconomic status and tobacco use in the previous three months.
As wealthy adolescents in Brazil are generally enrolled in private schools, since most Brazilian public schools have fewer educational resources, type of school was also used as a socioeconomic indicator. Private school was coded 0 and public school was coded 1 for the statistical analysis.
Statistical analysis
Data analysis was performed using the Statistical Package for Social Sciences (SPSS for Windows, version 17.0, SPSS Inc, Chicago, IL, USA). Descriptive and bivariate analyses were carried out using the chi-square test (p < 0.05). Multinomial logistic regression was used to evaluate tobacco use in the previous three months and associated variables, comparing "never smoked" to "weekly to daily" and "less than monthly to monthly" tobacco use. "Never smoked" was used as the reference group and separate odds ratios (OR) were calculated, with the exception of the comparison categories.
Results
The final sample comprised 891 adolescents with a mean age of 16.3 years (± 1 year). The prevalence of lifetime tobacco use was 18.9% (n = 168). A total of 6.2% (n = 55) of the adolescents indicated that they felt a strong craving and a sense of urgency to consume tobacco. Regarding the scores for tobacco use, 94.4% of the total sample (n = 841) were in the low risk range (0 to 3 points), 5.4% (n = 48) were in the moderate risk range (4 to 15 points) and 0.2% (n = 1) were in the high risk range (≥ 16 points). Table 1 displays the distribution of the respondents according to the prevalence of lifetime tobacco use and background characteristics. Lifetime tobacco use was not statistically associated with gender, age, type of school or SVI. Table 2 displays the distribution of the sample according to the prevalence of friendship networks and background characteristics. Table 3 displays the results of the multinomial logistic regression analysis of tobacco use in the previous three months (weekly to daily/ less than monthly to monthly) according to the independent variables. Female adolescents had a 3.80-fold greater chance (OR: 3.804; 95% CI: 1.28 to 11.2) of using tobacco weekly to daily in comparison to male adolescents. Participants who reported that their most important friends were from church had a lesser chance of using tobacco weekly to daily (OR: 0.121; 95% CI: 0.027 to 0.551) in comparison to those who reported that their most important groups of close friends were from school. Adolescents residing in areas of greater vulnerability (SVI classes II and IIIworse socioeconomic conditions) reported less tobacco use on a monthly or less than monthly basis in comparison to adolescents from more privileged areas.
Discussion
The prevalence of lifetime tobacco use in the present study was 18.9%, which is somewhat lower than the rate reported in the Fifth National Survey on the Consumption of Psychotropic Drugs among students in 27 large cities in Brazil (24.9%) 28 . However, a recent survey involving the same 27 large cities found a reduction in the number of students who reported tobacco use between 2004 and 2010 in terms of both lifetime use (16.9%) and use in the previous 12 months (9.6%) 29 , with similar prevalence rates to those found in the present study. Madruga et al. 30 suggest that the reduction in tobacco use is the result of the government practices, as Brazil has been actively restricting tobacco advertising in the media since 2001 and tobacco product manu- . However, due to differences in the methodology, sample selection, type of study, age group, cultural factors, geographic characteristics and socioeconomic indicators employed, there is no consensus among studies, which hinders the comparison of findings. In the generalized estimating multinomial logistic regression used in the present study regarding tobacco use in the previous three months (less than monthly to monthly), adolescents from more vulnerable socioeconomic classes (classes II and III) had a lesser chance of tobacco use in comparison to those from class V (least socioeconomically vulnerable). It is possible that youths from families with a lower income may be more price sensitive than their better-off peers 31 . However, no significant association was found between the SVI and weekly to daily tobacco use, which is consistent with findings reported in previous studies 32, 33 . It is possible that adolescents who use tobacco weekly to daily have a greater craving for tobacco in comparison to those who use it monthly or less than monthly. Thus, having a higher or lower socioeconomic status would not be a determinant of such use, as adolescents can gain access to tobacco through means other than money, such as their network of friends 34, 35 . On the other hand, adolescents with a low socioeconomic status are more likely to grow up in a family environment in which smoking is more prevalent and may therefore more easily pick up the smoking habit 5 . It has been suggested that lower class youths could have greater access to tobacco from family and friends as well as access to cheaper cigarettes from illegal sources. This may explain the curvilinear (U-shaped) relationship found between socioeconomic status and tobacco use, in which the extremes represent high and low socioeconomic status.
Female adolescents had a nearly fourfold greater chance of engaging in weekly to daily tobacco use in comparison to male adolescents. Data from 2004 on the prevalence of tobacco use in the city of Belo Horizonte also reveal a higher rate of smoking among female adolescents (25.9%) in comparison to males (24.0%) 28 . While a reduction in lifetime tobacco use among adolescents of both genders occurred between 2004 and 2010, the prevalence remains higher among females (18.6%) in comparison to males (17.1%), although there is not statistical significance 29 . A number of authors have reported no gender differences in smoking habits 8, 36 , whereas the majority of researchers report greater tobacco consumption among males 3, 29, 37 . The lack of consensus in the findings suggests that tobacco use may vary by gender even within the same city, depending on the socio-cultural context 8 . In the group that reported less than monthly to monthly use of tobacco, no significant association was found with gender. According to Horta et al. 15 , the establishment of smoking behavior is a complex phenomenon that cannot be explained by its association with a single variable or a single phenomenon. It is possible that girls have their first contact with tobacco earlier than boys or there may be the occurrence of the establishment of more frequent smoking among females than males in future generations.
The present study sought to identify the role of friendship networks in tobacco use among students. Adolescents who reported that the majority of their groups of close friends were from Table 3 . Generalized estimating multinomial logistic regression for tobacco use in previous three months and independent variables comparing "never smoked" (reference) to "weekly to daily" and "less than monthly to monthly" tobacco use among adolescents in Belo Horizonte, Minas Gerais, Brazil (n = 891), 2010. church had a lower risk of smoking on a weekly to daily basis in comparison to those whose main groups of close friends were from school. The level of social capital to which an individual may gain access through social networks depends on the structural characteristics of these networks as well as the amount of social capital that other individuals in the network possess. Despite the potential for the diffusion of health-promoting behaviors, the present findings suggest that some types of friendship networks can also exert adverse influences on health behavior, depending on the behavior endorsed by the peer group 38 . In the group that reported less than monthly to monthly use of tobacco, no significant association was found with type of groups of close friends. Barreto et al. 39 found that the chances of both experimenting with tobacco and currently using tobacco increase with the weekly exposure of adolescents to other smokers and with the perception of family acceptance of the habit. Thus, individuals who smoke less often are less exposed to friends who smoke frequently.
95% CI
The literature has shown homophily or similarity in substance use among adolescent peers. This similarity has been attributed to the socialization process, wherein the peer group influences the substance use behavior of the individual, and to the selection process, wherein individuals associate with peers that are similar to them in their substance use behavior 40 . Social network analysis may offer an explanation for the role of friends in smoking behavior 7 . Participation in religious groups has been associated with a reduced proneness to risky health-related behavior among adolescents, such as alcohol consumption, smoking and the use of illicit drugs. Religious participation may deter risky behavior by helping adolescents develop social networks that provide social support and reinforce widely accepted social norms 41 . In line with the present results, Mellor and Freeborn 41 found that adolescents who participated in religious groups with greater frequency were less likely to smoke, participate in binge drinking and use marijuana. However, the non-use of drugs may be more due to the greater exposure to the values and norms of church-going peers who disapprove of drug use rather than religious beliefs per se.
The present study has important limitations that may affect the interpretation of the findings. Although some part of the association between different types of friendship networks and smoking can be ascribed to peer influence, one cannot exclude the possibility of homophily or social selection based upon shared behaviors. Selection can be divided into two conceptually different mechanisms: adolescents may acquire new friends with similar characteristics, attitudes and behaviors or may avoid contact with new friends or even break off friendships because of differences in opinions and behavior 6 . Therefore, the associations found in the present study may have been driven by the tendency of individuals to influence or select their groups of friends based partly on behavioral preferences rather than the network characteristics per se (e.g., social norms that influence and regulate behavior within certain types of social networks). Secondly, the present findings may reflect the influence of unmeasured confounding factors that affect both patterns of friendship ties as well as tobacco use. For instance, the strictness of school policies against smoking among students may influence both the formation of different friendship connections and the prevalence of smoking. Moreover, no information was acquired on the profile of parents, who are known to exert considerable influence over the type of friends their children select as well as the practice of smoking. Another issue that was not investigated is the influence of religiosity on tobacco use. It is possible that faith in a religion that prohibits smoking and the frequency of participation in religious activities have an independent effect on the prevalence of tobacco use, with lower prevalence among adolescents who report that friends from church constitute their most important group of friends. Moreover, the present investigation was a cross-sectional study and causal relationships can therefore not be determined. Information bias may have occurred due to a lack of attention, memory errors, social desirability and a suspicion that school authorities could demand access to the questionnaires. Public health promotion and smoking prevention policies aimed at the community, schools and families and targeting adolescents in particular should involve joint actions of the government, educational organizations and society as a whole. Actions on the primary care level regarding education and smoking should be prioritized. Publicizing the chemical content of cigarettes and sharply increasing prices for tobacco products may be areas of policy action that hold the greatest promise for altering smoking behavior 42 . The prevalence of tobacco use by adolescents is lower in places where laws regarding its use are strictly enforced.
Conclusions
The prevalence of tobacco use was high in this sample of Brazilian adolescents studied and was associated with school-based friendship networks, the female gender and higher area-level socioeconomic status. Future studies are needed to investigate the selection processes that determine the formation of adolescent peer networks and how these networks may influence tobacco use behavior. Longitudinal studies are also needed to clarify the persistence of smoking habits in these groups over time.
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